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THE METABOLIC CENTROID METHOD FOR PET BRAIN IMAGE ANALYSIS
To the Editor: The recent article' 'The Metabolic Centroid Method for PET Brain Image Analysis" by Levy et aI. (1989) proposes another new method for positron emission tomography data analysis. What does this method actually do? Simply stated, it reduces the image to three statistics (plus the global metabolic rate) that measure the linear trends in the image, such as right-left (xm), anterior posterior (ym), and vertical (zm) differences. Thus, it will be useful only for detecting these sorts of changes in experimental groups such as schizo phrenics. For example, if schizophrenics show de creased frontal activity, then Ym should decrease. If they show decreased right temporal lobe activity, then Xm should decrease. On the other hand, other sorts of changes may not be detected at all. If a patient shows decreased activity in both temporal lobes, then the metabolic centroid should stay roughly the same, since the temporal lobes are on approximately opposite sides of the brain centroid. Similarly, if both frontal lobe and cerebellum were depressed, then the metabolic centroid might not change. If regions close to the centroid, such as the thalamus, were depressed, this might not be de tected either.
How can this be overcome? Other choices of "location" for the voxels could be used, such as replacing the lateral coordinate x by its absolute value or distance from the plane of symmetry of the brain. This would then detect a decrease in both temporal lobes , but it would not detect a change in right-left temporal lobe differences.
The message is that you find only what you are looking for. If you suspect that schizophrenics will have decreased frontal activity, together with de creased activity in one hemisphere relative to the other, then the metabolic centroid will be the sta tistic for you. If you suspect decreased activity in both temporal lobes, try the metabolic centroid with the absolute value of x.
However, there are methods that will select the linear combinations or "locations" for you: princi pal components (Clark et aI., 1985) , factor analysis (Volkow et aI., 1986) , and the recently proposed scaled subprofile model (SSM) (Moeller et aI., 1987) . They all give two or three sets of scores for each subject [called subprofile scaling factors (SSF) in SSM], which are linear combinations of the re gional values, and so they are roughly analogous to
the three coordinates Xm' Ym, and Zm of the meta bolic centroid. The regional weights used in the lin ear combinations are not their actual locations (as they would be for the metabolic centroid), but are determined by the data themselves to magnify dif ferences among the subjects. If used properly, all of these methods pay a price for choosing the linear combination for you: a reduction in power at de tecting a specific change in activity, such as a fron tal lobe decrease, for which Ym should be a more powerful test statistic.
Finally, readers might ask what the practical dif ference is between the metabolic centroids of a group of subjects, and their subject scores or SSFs. As an example, the regional CMRglc in 30 regions, 15 in each hemisphere, of a group of 20 normal sub jects in the resting state, as reported by Tyler et aI. (1988) , were analyzed. The metabolic centroids were approximated from the regional CMRglu val ues by assuming that all regions of interest had equal volumes and metabolic activity was uniform in each; obviously this is a very crude approxima tion since it completely ignores the rest of the brain. The first three SSFs were also calculated for each subject and plotted against the metabolic centroid components. The most highly correlated pair was SSF, andYm (r = 0.89, p < 10-6 ), followed by SSF2 and Zm (r = 0.64, p < 0.005), but SSF3 and Xm were not significantly correlated (r = 0.19, p > 0.1).
Why does this happen? A possible explanation is not too hard to find: spatial correlation. It has been demonstrated (Worsley et al., 1989 ) that adjacent regions are more highly correlated, and it can be shown theoretically that the population principal components, or SSFs, of spatially correlated data are roughly the metabolic centroids with respect to their principal axes. Levy et aI. (1989) show that these principal axes are almost the same as the y-, Z-, and x-axes, in order of importance, so the theory predicts that SSF, should be highly correlated with Ym' SSF2 with Zm' and SSF3 with Xm to a lesser and lesser extent as the random noise swamps the sam ple principal components. The reason is that the region weights of a principal components analysis of spatially correlated data are approximately the same as the actual region locations. Volkow et. aI. (1986) have observed just this phenomenon in a fac tor analysis of normal subjects.
To summarize, metabolic centroids should be powerful for detecting linear trends in the images, but other types of changes may not be detected. Principal components-type methods choose their own "trends, " but at the expense of less power. Interestingly enough, these two methods appear to give similar results on normal subjects in the resting state, and this can be attributed to spatial correlaAUTHORS' REPLY TO K. J. WORSLEY To the Editor: We appreciate the thoughtful com ments of Dr. Worsley about our article, "The Met abolic Centroid Method for PET Brain Image Analysis" (Levy et aI., 1988) . For the most part, we agree with his comments; however, we wish to clar ify those issues in which we seem to differ.
The centroid method was intended to be a simple tool for detecting spatial asymmetries in a data set of positron emission tomography (PET) functional brain images. The method is certainly not a gener alized classifier of PET brain images. On the other hand, the computer program to implement the method is short and simple, and it summarizes a three-dimensional data set into four easily interpret able numbers: the zeroth and the first geometric moments of the metabolic rate images.
Whether these numbers totally characterize the metabolic image is another matter. Clearly, they do not for all applications. Clearly, having additional descriptors-other features-would also be desir able. Using the global approach of the centroid method, one could also compute the second or even higher moments of the image data set by modifying the exponent of the weighting factor (Hu, 1961; Smith et aI., 1971; Dudani et aI., 1977; Teh and Chin, 1988) . Perhaps these higher moments will ex pand the power of the method to discover patterns in the image data set. Perhaps not.
We disagree with Dr. Worsley that the method fails to detect a symmetrical increase in metabolic activity. Although the first moments would not change if the metabolic rate were to increase uni formly for all tissue, the zeroth moment certainly would change because it is a measure of the average metabolic activity of the whole brain.
Dr. Worsley's suggestion to use the absolute value of the x-location as a weighting factor to de tect symmetrical changes in the funcational distri bution is interesting. But, it is only one of many possible weighting functions one could apply. For example, weights based on the Legendre moments (Teh and Chin, 1988) or those of the Zernicke mo ments (Teague, 1980) are also interesting candi dates.
The intention of the article was not to explore all possible strategies for applying weighting factors, but rather to present a simple approach to the anal ysis of PET brain metabolic images not requiring a priori identification of anatomical regions of inter est.
We are currently applying extensions of the cen troid method to generate new ways of analyzing functional PET brain images in which features iden tified in an image data set point to the associated anatomical regions of interest. Dr. Worsley pre defines 30 anatomical regions to approximate the entire brain; the metabolic centroid method deals with the whole brain without regard to the anatomy. Both approaches have advantages and limitations.
We agree with Dr. Worsley that there are numer ous possible and plausible strategies one can adopt to analyze functional brain images. We hope all of us in the PET community continue to explore these possibilities.
